Abstract: Optical imaging of the structure and function deep within a mouse brain is a major scientific challenge in neuroscience. We review recent advances in multiphoton microscopy for mouse brain imaging, and discuss some future directions. Optical imaging plays a major role in both basic biological research and clinical diagnostics, providing non-invasive or minimally invasive microscopic imaging capability to investigate biological tissues. Optical image acquisition through significant depths of biological tissues, however, presents a major challenge since tissue is extremely heterogeneous and the strong scattering of the various tissue components has restricted high-resolution optical imaging to superficial layers. Multiphoton microscopy (MPM), because of its 3D excitation confinement and long wavelength excitation, has significantly extended the penetration depth of high-resolution optical imaging, particularly for in vivo brain imaging. Over the last two decades, multiphoton microscopy has created a renaissance in the brain imaging community. It has changed how we visualize neurons by providing high-resolution, noninvasive imaging capability deep within intact brain tissue. Multiphoton imaging will likely play an essential role in understanding how the brain works at the level of neural circuits, which will provide a bridge between microscopic interactions at the neuronal level and the macroscopic structures that perform complex computations.
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Multiphoton imaging critically depends on a variety of optical technologies, such as the pulsed excitation sources, imaging optics, beam-scanning components, wavefront shaping devices, etc. In this talk, we will review the recent advances in MPM for mouse brain imaging, particular on the long wavelength and 3-photon excitation approach. Large scale volumetric imaging, with high spatial and temporal resolution, deep within the scattering mouse brain remains a major challenge for neuroscience. We will discuss the opportunities and possible future directions for optical technology development to address this important application.
